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Echocardiographic Patient Selection for
Cardiac Resynchronization Therapy
Betting on a Dead Horse?*
Ole A. Breithardt, MD
Coburg, GermanyOne prospective, observational, multicenter trial
has squashed the hopes of heart failure physicians
and electrophysiologists that a single echocardio-
graphic dyssynchrony measure would improve the
patient response rate for cardiac resynchronization
therapy (CRT). In the aftermath of the PROS-
PECT (Predictors of Response to Cardiac Resyn-
chronization Therapy) study (1), echocardiography
seems to have completely lost its reputation for
assessment of dyssynchrony in this field, despite the
See page 535
fact that most basic research on the CRT-related
pathophysiology has been performed with the aid of
echocardiographic techniques and ignoring the patho-
physiologic link between delayed electrical activation,
mechanical dyssynchrony, and left ventricular-based
resynchronization. Echocardiography is clearly the
most versatile routine imaging technique for the car-
diologist, because it combines bedside technology
with high spatial and temporal resolution and provides
hemodynamic and functional information. However,
despite all the promise from mostly single-center
evaluations, several tested echocardiography parame-
ters failed to predict the CRT response with sufficient
sensitivity and specificity in the multicenter PROS-
PECT study.
Why did echocardiography fail to show a prog-
nostic benefit in the PROSPECT study? Numerous
reasons have been discussed, mainly focusing on the
study design, echocardiographic training, and
*Editorials published in JACC: Cardiovascular Imaging reflect the views of
the authors and do not necessarily represent the views of JACC: Cardio-
vascular Imaging or the American College of Cardiology.From the Medizinische Klinik, Klinikum Coburg, Coburg, Germany.equipment. Outside of the specifics of that trial,
however, the fundamental concerns were whether
mechanical dyssynchrony might simply be irrele-
vant or that echocardiographic measures were too
imprecise to quantify dyssynchrony reliably. Inher-
ent in the latter are the limitations of categorical cut
points. The cutoffs for defining the presence of
dyssynchrony have largely been based on previous
single-center publications but have never been re-
checked. For example, the 40-ms cutoff for de-
fining abnormal interventricular mechanical delay
(IVMD) by pulsed wave Doppler might be revisited
in light of the CARE-HF (Cardiac Resynchroni-
zation in Heart Failure) trial data showing a signif-
icant survival benefit for patients with an IVMD
49 ms (2).
Perhaps one of the other lessons of the PROS-
PECT study relates to the limitations of tissue
Doppler-derived dyssynchrony parameters, which
were less robust and less reproducible than “old-
fashioned” conventional Doppler parameters. These
problems should not be a major surprise, because
the limitations of this analysis with a poor correla-
tion between the velocity of motion and the defor-
mation sequence were observed some years ago (3)
and confirmed recently (4). Peak systolic velocities
might provide misleading information on the con-
traction sequence (Fig. 1) and might suggest the
presence of dyssynchrony in completely normal
hearts and vice versa (5). Strain imaging might solve
some of the problems and limitations, but it is
technically very demanding when derived from
tissue Doppler velocity information. Newer strain
techniques are based on 2-dimensional (2D)
speckle information and might provide more robust
and reliable strain information (6).
R
w
w
d
m
m
p
r
d
C
l
s
v
l
c
m
h
p
n
s
m
c
t
J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 2 , N O . 5 , 2 0 0 9
M A Y 2 0 0 9 : 5 4 4 – 7
Breithardt
Editorial Comment
545Similar negative conclusions were drawn from the
ETHINQ (Resynchronization Therapy in Patients
ith Narrow QRS) trial, which showed that patients
ith a narrowQRS complex130ms but mechanical
yssynchrony did not benefit from CRT (7). We
ight focus on, in addition to the explanation that a
inimal amount of electrical delay (evident by QRS
rolongation of at least 120 to 130 ms) is a pre-
equisite for CRT response (7), howmuchmechanical
yssynchrony is needed to engender benefit from
RT? In the RETHINQ trial, only the tissue Dopp-
er parameters (septal-to-lateral wall delay in peak
Figure 1. Velocity Versus Strain Imaging
Tissue Doppler imaging from the basal septal and lateral segments
with aortic valve opening (AVO) and a slightly delayed peak in the
and a slight delay in septal activation with no signiﬁcant dyssynchr
mensional strain analysis reveals septal-to-lateral dyssynchrony with
eral wall lengthening (stretch) and a signiﬁcant delay in lateral wall
circles). A more detailed analysis of the velocity traces throughout
and after aortic valve closure (AVC).ystolic velocities, and the like) showed pathologic ralues, whereas the conventional M-mode and Dopp-
er parameters did not show any significant dyssyn-
hrony! Thus, the real problem was that patients were
ainly selected by tissue Doppler velocity analysis, a
ighly sensitive technique that has to be analyzed
roperly and with caution (see the following text).
The most important message from these studies is
ot that echocardiographic dyssynchrony assessment
hould be completely abandoned but that a single
easure is probably insufficient to characterize global
ardiac dyssynchrony comprehensively and that a mul-
iparametric strategy might be required to increase the
ws an early systolic peak velocity in the lateral wall coinciding
l septum (upper image), suggesting earlier lateral wall activation
(septal-lateral delay 60 ms). In contrast, the corresponding 2-di-
ly pre-ejection shortening of the septal wall, accompanied by lat-
rtening (lower image, peak shortening marked by dashed
cardiac cycle reveals clear dyssynchrony in the pre-ejection periodsho
basa
ony
ear
sho
theesponse rate significantly (8).
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546In this issue of iJACC, Buss et al. (9) present a
ew method for dyssynchrony assessment: echocar-
iographic phase imaging (EPI). Echocardio-
raphic phase imaging measures the cyclic changes
n gray level intensities of the left ventricular myo-
ardium throughout the cardiac cycle, which allows
alculation of a global dyssynchrony index (EPI
ndex). At first sight, the technique seems similar to
he 2D strain analysis by speckle-tracking. How-
ver, EPI only quantifies motion changes and does
ot assess true myocardial deformation. Despite
his clear limitation, this new approach adds new
nd hopefully robust and reproducible information
o our echocardiographic armamentarium.
Is EPI just another measure for dyssynchrony that
erforms well in the instance of an experienced labo-
atory but will fail in a multicenter evaluation? Maybe,
ut such techniques are particularly attractive, because
hey incorporate information from the complete left
entricular myocardial circumference (although cur-
ently limited to a single imaging plane) and have the
otential to provide a semi-automatic measure of
yssynchrony with minimal operator interaction. In
he present study, the authors still contoured the
ndocardial borders manually, but this can be over-
ome with the incorporation of modern automatic
oundary detection methods.
The diagnostic value for the detection of CRT
esponders by EPI is comparable to the global
yssynchrony assessment by the timing of regional
eak systolic velocities by tissue Doppler imaging
TDI-SD), a parameter that did not perform par-
icularly well in the multicenter studies (1,3). As
iscussed in the preceding text, TDI-SD might
ork better in the hands of an experienced operator
nd if the data are obtained and analyzed properly
ith care. However, it is obvious that more studies
nd comparisons are required before the real diag-
ostic value of such a new technique can be ap-Heart J 2007;28:1827–34. 281–90.As in many other trials, the diagnostic sensitivity
88% to 95%) of echocardiographic CRT responder
dentification by EPI dyssynchrony assessment
learly outperforms the corresponding specificity
67% to 75%). In other words, the vast majority of
RT responders present with significant dyssyn-
hrony by EPI, but not every patient with baseline
yssynchrony can be expected to respond. This
eminds us that mechanical dyssynchrony cannot be
he only predictor for CRT success, no matter
hich technique is applied. Other factors such as
orrect lead placement and individual optimization
f the pacing configuration and patient factors such
s advanced remodeling, arrhythmias, and regional
car distribution all have a significant impact on
RT efficacy (10,11). The importance of post-
mplant assessment of CRT efficacy in each indi-
idual is frequently underestimated and has been
gnored in most echocardiographic studies that
ocused only on pre-implant dyssynchrony quanti-
cation. Recent evidence has supported the clinical
elevance of post-implant verification of CRT effi-
acy (12,13).
In summary, echocardiographic dyssynchrony as-
essment will remain an integral part before and after
RT implantation but has to be applied with exper-
ise and knowledge of the inherent technical and
athophysiological limitations. A comprehensive mul-
iparametric approach will probably be required for an
ppropriate dyssynchrony assessment in future studies
nd for individual patient management (8). If we keep
his in mind, new echocardiographic approaches such
s the EPI technique will complement our diagnostic
pectrum and continue to contribute to decision-
aking for our patients.
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